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INTRODUCTION
Because of the variety of methods employed in the testing of fungicides and the
inadequacy of the descriptions of the technics used, it is difficult to compare
fungicidal values of compounds either soluble or insoluble in water. Although
technics for the evaluation of water-soluble fungicides are gradually becoming
standardized, no generally accepted method for the testing of water-insoluble
compounds exists. In order to make comparisons, and to select from the vast
number of substances available the most efficient fungicides for trial as thera-
peutic agents in the treatment of superficial fungus infections of the skin, it has
been necessary to devise a procedure by which water-insoluble compounds might
be compared with those which are water-soluble.
MRTHODS
In determining fungicidal values of water-insoluble compounds, we have em-
ployed a modification of the Rideal-Walker phenol coefficient method (9) as
used by Emmons (2) for the testing of water-soluble fungicides. In this method,
1/10 ml. of a spore suspension of Trichophyton gypseum (Emmons' strain 598)
adjusted to contain 10,000,000 spores per ml. was added to 5 ml. of different dilu-
tions of the fungicide. At the end of 5, 10, and 15 minutes, a 4 mm. loopful of
the seeded fungicide was transferred to tubes containing 10 ml. of 4% dextrose
and 1% neopeptone broth. The broth was examined for fungus growth at four
days, and a final reading was taken at the end of two weeks.
The cylinder-plate method which was developed by Florey (1) to make possible
the rapid and precise quantitative estimation of penicillin, seemed promising as
a method for determining the fungistatic activity of substances. In our work
we have used the basic principles of the technic as modified by Foster et al. (3),
but, for nutrient agar seeded from Bacillus subtillis, we substituted Sabouraud's
agar seeded with spores of Trichophyton gypseum, Trichophyton purpureum, or
Monilia albicans in such concentrations so that each cubic centimeter contained
approximately 5,600 spores. About 25 ml. of this agar was poured into a 100
mm. petri dish and allowed to cool. After the agar had solidified, it was placed
in the refrigerator for an hour until firmly set. Small glass cylinders (peni-
cylinders) 8 mm. in diameter and 10 mm. long, ground at both ends, usually six
to a plate, were warmed on a hot plate and set upright on the surface of the agar.
The warmth of the cylinders melted the agar slightly, and sealed the cylinders to
1 (From. the Dermatophytosis Project, Dr. J. G. Hopkins, Responsible Investigator,
Division of War Research, Columbia University, under contract with the Committee on
Medical Research of the Office of Scientific Research and Development.)
2 Read at the Sixth Annual meeting of the Society for Investigative Dermatology, Chi-
cago, Illinois, June 13, 1944.
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its surface. Usually two drops to cylinder full of the diluted fungicide was
pipetted into each penicylinder, three different dilutions being run in duplicate
on each plate. The plates were incubated at room temperature, and at the end
of four days the diameter of the zone of inhibition was measured. Ruehie and
Brewer (10) in comparing fungistatic agents using their agar cup-plate method,
measured the radius of the zones of inhibition. In our experiments, however,
we have followed Florey's technic for estimating the strength of penicillin, and
compared the antiseptics on the basis of the concentrations which would form a
14—16 mm. zone of inhibition.
F1JNGICIDAL TESTS
Resistance of the Test Organism to Organic Solvents
In testing water-insoluble fungicides it is necessary to use a solvent which
would not change the fungicidal power of a substance by its own action. Certain
TABLE I
Fun gicidal effects of some solvents on trichophyton gypseum
PER CENT
ALCONOL ACETONE PROPTLENE OLYCOL
Smi,i. 10mm. lSmi,i.
TRIETEANOLAMINE
5mm. 10mm. 15mm. 5mm. 10mm. 15mm. 5mb. .10mm. 15mb.
%
100 - - - - - -
95 - - - + -i- +
80 + + + + + +
60 + + + + + +
50 + - - + + +
40 + + + + + +
30 + + + + + +
25 + + + + + +
solvents have been employed in the past, but without determination of the
limits within which they could be used. Woodward, Kingery and Williams (11)
dissolved phenol derivatives in solutions containing 10% alcohol, or 1% sodium
carbonate, or 30% glycerol, or 0.5% potassium hydroxide in testing their fungi-
cidal power. They found that these solvents alone did not kill the test organism.
Klarmann, Shternov and Gates (7) used between 10 and 20% alcohol to get the
desired concentrations in testing halogen derivatives of parachiorophenol.
It bad been pointed out by Dr. C. W. Emmons in a personal communication
that conidia of Trichophyton gypseum were resistent to lower concentrations of
alcohol, acetone, and propylene glycol, and that these solvents might be used in
fungicide testing. We tested Trichophyton gypseum (598) against different con-
centrations of these solvents (Table I) and found that the conidia will survive a
fifteen minute exposure to 25% alcohol, 50% acetone, and 80% propylene glycol,
but are killed by 50% alcohol, 100% acetone and 100% propylene glycol. These
concentrations were determined on the basis of the fungus being killed by a
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1:70 but not by a 1:80 dilution of phenol in 10 minutes. The use of these sol-
vents makes possible the testing of many compounds insoluble iii water.
Triethanolamine which cannot be used as a solvent for some fungicides since
it may react with them, but which we have used in adjusting the pH of fatty acid
solutions, does not have any fungicidal power.
Effect of Solvent on the Fungicidal Action
Organic solvents do not appear to alter the fungicidal power of substances
which are readily soluble in water. Solutions of gentian violet in water, 25%
alcohol, and 25% propylene glycol kill the conidia in 10 minutes in a dilution of
1:400, while in 50% acetone or 50% propylene glycol the value is 1:600. No
difference between the fungicidal activity of gentian violet in water, 25% alcohol,
TABLE II
TEST NO. DYE DILUENT
PDNGICIDAL VALEE
Killed Survive
1. Fungicidal action of gentian violet in different solvents
(without sub-culturing)
92
94
96
97
98
gentian violet
"
"
"
"
water
alcohol 25%
acetone 50%
propylene glycol 25%
50%
1:400
1:400
1:600
1:400
1:600
1600
1:600
1:800
1:600
1:800
2. Comparison of fungicidal values of dyes of therapeutic importance
(with sub-culturing)
158
160
164
168
167
185
brilliant green
"
"
basic fuchsin
"
acrifiavine
water
propylene glycol 50%
alcohol 25%
alcohol 25%
water
water
1:100
1:100
1:100
—
—
less than 1:10
1:200
1:200
1:200
1:50
1:400
1:10
or 25% propylene glycol is apparent, but more dilute solutions in 50% acetone
and 50% propylene glycol are effective fungicidally. (Table II, 1). The values
obtained, however, were mostly close together, indicating that the solvent used
had no significant effect on the fungicidal activity. The fungicidal values for
gentian violet appear high, since this dye is highly fungistatic, and subcultures
were not used to overcome this fungistatic effect.
Some other dyes of therapeutic importance were compared (Table II, 2).
To overcome their fungistatic effects, subcultures were made. Brilliant green
in water, &J% propylene glycol, and 25% alcohol was fungicidal in dilutions of
1:100, but not in 1:200. Basic fuchsin was not fungicidal in the highest con-
centration in which it is soluble in water, or about 1:400. Similarly, it is not
fungicidal in 25 per cent alcohol at 1:50, which is much greater than that used
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therapeutically. Acriulavine shows no fungicidal activity at a dilution of 1:10
in water. With the exception of brilliant green, none of the dyes exhibits any
fungicidal power in concentrations commonly used clinically.
The sodium salt of 2-chloro-4-phenylphenol is moderately soluble in water and
in organic solvents, and is not highly fungistatic like gentian violet, thus giving
more absolute fungicidal readings. When this salt was compared in water and
in organic solvents (Table III, 1), the fungicidal values were about the same. A
dilution of 1:400 of the sodium salt in water, 10% alcohol, 50% acetone,
50% propylene glycol, or a mixture of 25% acetone and 25% propylene
TABLE III
Fungicidal action of -chloro-4-phenylphenol and its sodium salt in different solvents
TEST NVMBER DILVENT
10-MINUTE EXPOSURE
Killed Survive
1. 2-Chloro-4-phenylphenol, 8odntm salt
74
84
115
86
119
78
75
117
79
143
144
distilled water
"
"
alcohol 10%
" 25%
" 50%
propylene glycol 50%
50%
propylene glycol 25% & alcohol 25%
buffer solution (p11 10.5)
unbuffered
1:2000
1:3000
1:400
1:400
1:600
1:400
1:600
1:400
1:400
less than 1:300
1:400
—
—
1:600
1:600
1:800
1:600
1:800
1:600
1:600
1:400
1:600
2. -Chloro-4-phenylphenol
21
39
128
127
distilled water*
distilled water*
alcohol 25%
acetone 50%
1:1000
1:5000
1:600
1:400
1:10,000
1:10,000
—
1:600
* Diluted from 1% solution in 50% alcohol.
N.B. All dilutions made from 1% stock solution.
glycol, kills the test organism in 10 minutes, while a dilution of 1:600 of the salt
in 25% alcohol was fungicidal.
Occavionaily, dilutions of the phenolate in water as high as 1:2000 and 1:3000
were fungicidal (Table III, 1). Examination of the tubes containing diluted
fungicide and spore suspension revealed that crystallization had occurred. The
dilutions had been made from a 1% in water stock solution which had been pre-
pared about two weeks in advance. This had allowed time for the solution to
accumulate carbon dioxide, and when an additional amount was absorbed during
the shaking of the tubes when mixing the fungicide and spore suspension, the
soluble phenolate was shifted to more insoluble phenol, bringing about a satu-
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rated condition, To overcome the lowering of the pH, Ringer's Buffer3 at pH
10.5 was used as a diluent. At this pH the fungicidal value was less than 1:300,
while the value for a fresh solution of the salt diluted with distilled water was
fungicidal in a dilution of 1:400. Similarly, high dilutions of the phenol diluted
with distilled water from a 1% solution in 50% alcohol were fungicidal, while
dilutions of 1:600 in 25% alcohol, and 1:400 in 50% acetone, in which the phenol
is more soluble than in water, were necessary for fungicidal action (Table III, 2).
The fungicidal action is greatly increased when the solution approaches the
saturation point, and it is necessary to use a solvent in which the fungicide is
readily soluble to obtain a correct evaluation. It was pointed out by Hampil
(5) that the insolubility of compounds may be closely connected with their bac-
tericidal action, and that when a fungicide which is highly insoluble in water
comes into contact with the lipoids of the cell, in which it is more soluble, rapid
absorption of the fungicide by the cell is thought to take place. This may ex-
plain the results obtained above.
Fungicidal Activity of Undecylenic and Propionic Acids
Peck and Rosenfeld (8), Hoffman, Schweitzer, and Dalby (6), Rigler and
Greathouse (4), and others have demonstrated that fatty acids possess fungi-
static power. Hoffman et al. (6) have shown that the fungistatic activity
of these acids is influenced by the pH of the medium in which the organism
is grown. To determine at what pH therapeutic preparations of these acids
would be most germicidal, we compared propionic and undecylenic acids at
different pH levels. Although our results are somewhat different from those
of the other investigators, and have been reached by a different technic, they
show that the pH value does alter the fungicidal power.
In our experiment, adjustment of the pH was accomplished with triethanol-
amine, since this is less damaging to skin tissue than inorganic hydroxide, and thus
might be used for this purpose in the preparation of treatment agents.
Undecylenic acid at pH 5 killed Trichophyton gypseum conidia in 10 minutes
in a dilution of 1:60; at pH 6, 1:30; at pH 8, 1:80 using distilled water as a
diluent (Table IV). Propionic acid at approximately the same pH values was
considerably less fungicidal (Table IV). No fungicidal action was observed at
pH levels higher than pH 4.96 in the greatest concentrations obtainable when
using triethanolamine to adjust the pH. These concentrations are 1:3 at a
pH of 6.01; 1:3 at pH 7.01, and 1:5 at pH 8. Fungicidal activity of undecy-
lenic acid was highest at pH 8, while propionic acid was most active at the lower
pH of 4.96. Of the two acids, undecylenic appears to be the more powerful
fungicide. Propionic acid even at its most effective pH is much less fungicidal
than undecylenic acid at its least efficient pH.
The rise in the fungicidal value of undecylenic acid at pH 5 may be due to the
insolubility of the acid at this pH, as we were able to obtain only an unstable
emulsion for our tests. The other changes in the fungicidal action accompany-
'N/S Na,HPO4 75cc., N/1O NaOH 48 cc.
TEST NO. pH DILUENT
10-MINUTE EXPOSURE
i1led Survive
1. Undecylenic Acid
126
132
125
124
5.00
6.08
7.00
8.00
Distilled water
"
"
"
1:60
1:30
1:40
1:80
1:80
1:40
1:60
1:100
2. Pro pionic Acid
138 4.96 Distilled water 1:10
137 6.01 " 1:3
136 7.01 1:3.16
135 8.00 1:5
N.B. p11 adjusted with triethanolamine.
species, although penicylinder of 50% alcohol were used against Trichophyton
gypseum. Two-thirds penicylinder of 80% propylene glycol did not inhibit
Monilia al&icans; and 60% did not affect Trichophyton purpure'um but did in-
hibit Trichophyton gypseum. Two-thirds penicylinder of 100% acetone did not
have any inhibitory effect on the three test species.
Effect of iSolvent on Fungistatic Action
The solvent appears to have considerable effect on the action of gentian violet
in the cylinder-plate method. There is an enormous difference between the zone
obtained with gentian violet in water and gentian violet in acetone. With dilu-
tions of 1:20,000 of gentian violet in water, a 15 mm. zone of inhibition was
formed, while a 1:40,000 dilution in acetone appeared to wipe out the plate.
This would indicate that acetone penetrates the agar more readily than water.
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ing variations in the pH may be related to the degree of dissociation of the mole-
cule, as suggested by Rigler and Greathouse (4).
FUNGISTATIC TESTS
Effect of Solvent on Test Organisms
In the cylinder-plate method for determining fungistatic activity, the solvents
may have a significant effect on the test organisms. Volatile solvents are less
inhibitory than non-volatile solvents such as propylene glycol. In table V are
shown some of the inhibitory effects of solvents on Monilia albicans, Trichophy-
ton gypseum, and Trichophyton purpureum. Two-thirds penicylinder of 95%
alcohol could be used without inhibition of Monilia albicans; but only one drop,
replenished after 48 hours, could be used without inhibition of Trichophyton
TABLE IV
Fungicidal action of undecylenic and pro pionic acid8
TABLE V
Inhibitory effect of 8olvent8
(Cylinder-plate Method)
DIAMETER OP INEIBITION ZONNS
M. albicans T. gypseum T. purpureum
Alcohol 95% entire plate entire plate
mm.P 13 mm.C
mm.P 11 mm.C
70% 10 mm.P 13 mm.C
50% Of I2mm.C
30% 0* lOmm.C
Propylene Glycol
100% 13 mm.P
Propylene Glycol
80% 10 mm.P
Propylene Glycol
60%
Acetone 100%
water 1:6000
acetone <1:10,000
alcohol 95% <1:10,000
2-chloro-4-phenylphenol water 1:10,000
acetone 1:10,000
alcohol 50% >1:10,000
brillint green water 1:100,000
gentian violet water 1:20,000
acriflavine water 1:10,000
basic fuchsin water 1:1000
fatty acids:
propionic acid & triethanolamine
pH 5
propionic acid & triethanolamine
pH 6
propiothe acid & triethanolamine
pH 7
propionic acid & triethanolamine
pH 8
undecylenic acid & triethanolamine
pH 5
undecylenic acid & triethanolamine
pH 6
undecylenic acid & triethanolamine
pH 7
undecylenic acid & triethanolamine
pH 8
SOLVENT NO. Cm's ANT. IN 1 CUP
6 Ifull
1
6 3 drops
6 idrop
1 full
1
1
1
1
1
6
0*
Of
0*
0*
0
11 mm.P
0*
0
0*
12 mm.C
15 mm.P
15 mm.P
0*
0
0*
* Partial inhibition within cylinder.
t Complete inhibition within cylinder.
P Zone of Partial inhibition.
C Zone of Complete inhibition.
TABLE VI
Fungistatic tests—various substances against T. gypseum
(on basis of penicylinder of solution forming a 14-16 mm. zone)
PUNGISTATIC AGENT DILUENT ANT. OP SOLUTION 1gT
2-chloro4-phenylphenol, Na salt f penicylinder
3 drops
3 penicylinder
water
water
water
water
water
water
water
water
1:80
1:20
1:10
1:10
1:2000
1:8000
1:8000
1:8000
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When 2-chloro4-phenylphenol and its sodium salt were compared in water and
in alcohol (Table VI) approximately the same dilution of the phenol and its
sodium salt formed the standard 14—16 mm. zone of inhibition.
Dyes, in contrast to their weak fungicidal power, were found to be highly
fungistatic, a characteristic which might make them valuable therapeutically.
Aqueous dilutions of 1:100,000 of brilliant green, 1:20,000 of gentian violet,
1:10,000 of acriflavine and 1:100 of basic fuchsin inhibited the growth of Tricho-
phyton gypseum in a 14-16 mm. zone (Table VI).
Fun gist atic Activity of Propionic and Undecylenic Acids
The effect of the pH on the fungistatic action of propionic and undecylenic
acids is well illustrated by the cylinder-plate method. Comparing these acids
in water dilutions (Table VI) showed that propionic acid at a concentration of
1:80 at pH 6, or 1:20 at pH 7, or 1:10 at pH 7 and pH 8 inhibited the growth
of Trichophyton gypseum. Much greater dilutions of undecylenic acid formed
the standard zone of inhibition. At pH 6, 7, and 8 the titre rises to 1:8000.
The effect of the change in pH may be concerned with solubility, as in the fungi-
cidal tests, or it may be associated with diffusibility. The results show that
undecylenic acid is considerably more effective as a fungistatic agent than pro-
pionic acid.
DISCUSSION
The fungicidal evaluation of water-insoluble compounds can be determined
when 25% alcohol, 50% acetone, and 80% propylene glycol are used as solvents.
The values obtained may be compared with those of water soluble substances.
In order to obtain valid readings, it is necessary to use solvents in which the
compounds are in an unsaturated solution.
The cylinder-plate method seems promising as a means for comparing fungi-
static action of compounds. However, they should be compared only when
the same solvent is used for all, because the solvent itself may aid in penetration
with consequent effect on the zone of inhibition. There are limitations to the
method. For example, the fuzzy borders of Trichophyton gyspeurn make
precise measurement of the zone of inhibition difficult, and the determination of
small differences in concentration is usually not possible. The method, however,
has the advantage of being a speedy and simple procedure, and the results can be
given in the concentration of the fungistatic substance, by choosing a standard
zone of inhibition rather than by comparing the strength of several compounds
on the basis of the diameter of the zone of inhibition, a method which frequently
measures the diffusibility of the compound rather than its fungistatic activity.
In evaluating a compound for its antifungal properties, both the fungicidal
and fungistatic tests must be considered. There appears to be no correlation
between fungicidal and fungistatic activity of the compounds tested in these
experiments. Brilliant green which is fungicidal at 1:100 is fungistatic at
1:100,000, while the more powerful antiseptic 2-chloro-4-phenylphenol is fungi-
cidal at 1:400 but fungistatic at only 1:10,000. Although basic fuchsin could be
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eliminated as a fungicidal agent at the concentrations tested, it exhibited some
fungistatic activity, and might therefore be of value in controlling fungus
infections.
Although antiparasitic power does not necessarily indicate an efficient thera-
peutic agent, an in vitro evaluation aids in the selection of compounds most likely
to be effective in the treatment of fungus infections.
SUMMARY
1. Trichophyton gypseum conidia are resistant to 25% alcohol, 50% acetone,
80% propylene glycol, and 95% triethanolamine when exposed to these solutions
for 15 minutes.
2. The fungicidal activity of a substance is not altered appreciably by a solvent
if it is readily soluble in that solvent.
3. Gentian violet, 2-chloro4-phenylphenol and its sodium salt were compared
in different solvents. The fungicidal value of brilliant green, acrifiavine, and
basic fuchsin is given.
4. Propionic acid is most fungicidal at pH 5 in a dilution of 1:5, while unde-
cylenic acid is most fungicidal at pH 8 in a dilution of 1:80.
5. The cylinder-plate method for assaying penicillin was used in comparing
fungistatic activity.
6. The concentrations and amounts of solvents which can be used without
forming a zone of inhibition are given when Monilia albicans, Trichophyton
gypseum and Trichophyton purpureum are used as the test organism.
7. The fungistatic values of gentian violet, brilliant green, acriflavine, 2-
chloro4-phenylphenol and its sodium salt are given.
8. Propionic acid is most fungistatic at pH 5 (1:80) but less effective than
undecylenic acid at pH 8 (1:8000).
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DISCUSSION
B DR. A. B. HILLEGAS AND EARL D. CAMP
(1) DR. SAMUEL M. PECK: I wish to express my appreciation of the data especially the
technique which is described in this presentation. We have been trying to evaluate a num-
ber of antimildews which were to be incorporated into fabrics used by the Armed Forces.
Most of these chemicals are insoluble in water, and in vitro testing by the ordinary methods
gave us inaccurate results. This was so because by ordinary methods of testing they did
not seem to have strong inhibiting powers on the growth of fungi, and yet when impregnated
into fabrics they acted as antimildews. I agree that by the ordinary method of in vitro
testing fr these compounds we are testing their solubility and diffusion in agar media rather
than their actual fungicidal properties.
(2) DR. FRED D. WEIDMAN: Dyes as marketed are not necessarily chemically pure sub-
stances. It has been impractical to market them in that form. Different proportions of
dextrin are incorporated into some of them, and therefore it is always well to indicate what
particular brand of dye has been employed, and what percentage of pure dye was represented
in the sample. The percentage can vary between 55 and 85%. During the first World War
we tested out several different commercial samples of gentian violet and found that large
differences existed in their fungicidal value. (Weidman, F. D. The Effects of Gentian
Violet and Crystal Violet on Certain Pathogenic Yeasts. Urol. and Cut. Rev,, 34 (No. 4),
215, 1930).
(3) DR. STEPHEN ROTHMAN: Burtenshaw (J. Hyg., 42: 184, 1942) made a thorough study
of the self -disinfecting power of the skin and found that long-chained (saturated and non-
saturated) fatty acids are responsible for this effect. The bactericidal effect of these sub-
stances is not based on their pH but on their specific chemical structure.
Dr. Hillegas mentioned undecylenic acid. Our therapeutic results in fungus diseases
with this unsaturated fatty acid are very encouraging. Its fungidical action is not greater
than that of routine preparations but it is superior in that it does not irritate the skin in
concentrations which are high enough to kill the fungi.
(4) Dn. THEODORE CORNBLEET: In the field of bactericides and fungicides the subject
matter seems simple in theory, but complicated in actual experiment. We are all familiar
with the difference in performance of fungicides in vitro and clinically. Studies should in-
clude the factor of proteins. Is it feasible to use them in the presence of proteins—of pus,
for example?
In regard to acids used in these investigations, Dr. Bergeixn and I published a paper,
which paralleled somewhat the work done by Dr. Peck, and we found that acidity does make
a difference, in contrast to the expression of Dr. Rothman. Furthermore, the influence of
acidity of the various constituents of sweat is different. For lactic acid and the volatile
fatty acids, an acid reaction is necessary for their antiseptic action. The lactic acid effect
is largely one of pH and provides a favorable medium for the acid of the volatile fatty acid.
These act as antiseptics practically only in their undissociated forms.
